A wide range of applications is based nowadays on analytical developments which allow a precise and effective approach and short time of computations compared with the time required for numerical methods; in this way these developments are suitable for calculations in real time. This work proposes an approach for solving a two-dimensional harmonic problem of a rectangular plate under local surface loading using Vlasov's symbolic method of initial functions and a general solution of the harmonic equation for a rectangle. Substituting the harmonic functions in symbolic form for the corresponding solutions allows us to give the exact solution of the problem in trigonometric form.
Introduction
Many problems in solid mechanics are described by mathematical models. In many cases the development of these models requires solving partial differential equations. Analytical methods for solving these equations are the main tools for understanding these problems. However, during the past decades the important growth of computing capabilities allowed numerical solving of complex problems both geometrical point of view and the laws of behavior of materials. This ability to model complex mechanical systems by numerical methods contributed to reduce the interest to analytical solutions. New analytical methods have been developed for solving the boundary problems in elasticity [1] [2] [3] [4] . Among these methods one can cite Vlasov's method of initial functions (MIF) which is often used for solving the boundary problems. This method is a powerful one for obtaining an exact solution for some types of problems in the theory of elasticity without hypotheses about the character of the strain-stress state of the structural element. MIF was first proposed by Maliev [5] and further developed by Vlasov [6] . The authors attempted to find a rational method for obtaining harmonic and biharmonic functions for the general analysis in the theory of elasticity, i.e., represent the displacements and stresses via some functions. On the basis of this rational method, they constructed the functions of general analysis with the initial functions by virtue of special differential operators proposed by Kellog [7] .
MIF has been used intensively for the analysis of various engineering problems. For example, threedimensional elasticity equations for circular cylindrical shells are solved by assuming Taylor series expansions for the stresses and displacements by Faraji et al. [8] ; an elasto-plastic problem of a circular plate subjected to antisymmetric lateral load can be found in [9] ; a circular cylindrical shell under antisymmetric load is studied in [10] ; an analysis of composite beams and other flexural members using MIF can be found in [11, 12] ; an algorithm for constructing the basic equations of MIF and the convergence of power series is studied by Matrosov [13] .
In this work, we proposed an approach for solving the two-dimensional harmonic problem of a rectangular plate under local surface loading, using the symbolic method of initial functions and the general solution of the harmonic equation for a rectangle.
Materials and method
The principle of the method is to determine a vector W representing the components of strain-stress state of an elastic system in the Cartesian coordinate system such as Then the equilibrium equations will be written in the following form
where L is the differential operator. So, in symbolic form for a band and using Vlasov's general symbolic solution [14] the solution of the problem in plane strain can be expressed as
Differential operators can be expressed in the form of infinite series or by symbolic formulas in the case of plane strain [14] 
Here, x    .
Results and discussion
We will get the symbolic solution satisfying the following boundary conditions
Taking into account the symbolic Vlasov's solution satisfying the boundary conditions (3.1)-(3.4), we get
The differential operators will be treated in the same way as the trigonometric functions. So, we get a system of four Eqs (3.5)-(3.8) whose solution depending on the four initial functions is given by
Using expressions (3.9)-(3.12) in the symbolic solution of the initial functions, we get the solution for the band satisfying the boundary conditions (3.1)-(3.4)
The obtained relationships satisfy the equilibrium equations, strain and stress equations, as well as the biharmonic equation.
Analysis of harmonic functions
We can point out that each term of the symbolic solution (3.13)-(3.17) is a harmonic function. This allows us to substitute the previous function by the exact solution of the harmonic equation.
The symbolic solution (3.13)-(3.17) obtained for a band has the following form [15] 
Moreover, it is known that if a harmonic function f is defined in a domain:
, 0 x l 0 y h     , and satisfies the following boundary conditions
its expression has the following form [16] 
here the coefficients n A , n B , n C , n D are determined as follows [16]  sin
Here sinh
Now consider the harmonic function (3.18)
We get 
